The optimal treatment strategy for left main coronary artery disease continues to be debated. This is particularly evident for the high risk subgroup of patients presenting with acute coronary syndrome (ACS) and who are underrepresented in published trials. The electrocardiogram (ECG) represents one of the first line diagnostic tests for evaluating patients with possible ACS. Specific acute ECG abnormalities can raise the suspicion of significant left main (LM) involvement. Our aim, therefore, was to analyze the ECG patterns of ACS patients undergoing percutaneous coronary intervention (PCI) of unprotected left main coronary artery (ULMCA) lesions.
(LM) culprit lesions [1] . Notwithstanding recent reports of a better prognosis than expected in this particular patient population, mortality remains relatively high compared to elective interventions [2] .
The electrocardiogram (ECG) represents one of the first line diagnostic tests for evaluating patients with possible ACS [3, 4] . Specific acute phase ECG abnormalities can raise the suspicion of significant LM involvement. The so-called 'global ischemia' pattern-that is, diffuse ST-segment depression with inverted T waves particularly when associated with ST-segment elevation in lead aVR-predicts left main, left main equivalent, or three vessel disease and, more importantly, these alterations carry an adverse prognosis [5, 6] .
We performed this retrospective analysis to identify possible specific ECG patterns on admission in survivors and non-survivors with ACS undergoing PCI of unprotected left main culprit lesions.
Methods

Patients
We performed a single-center retrospective analysis with data retrieved from the database of the catheterization laboratory of our institution (Cardiovascular Center of the University Hospital Zurich). We included all patients with ACS of any subtype undergoing urgent PCI treatment between February 2004 and December 2012 for an unprotected LM culprit lesion. To this end we reviewed the patients' electronic charts and obtained data on their personal history, medication, clinical status, cardiac biomarkers, electrocardiograms on admission, details of the coronary angiography that was performed and subsequent PCI, as well as outcome of 67 patients from the time of hospitalization to 6 months post discharge. In 25 patients the urgent PCI was performed on a protected vessel (by collateral coronary blood flow or post CABG with at least one functional graft
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For our analysis the following ECG abnormalities were taken into consideration: ST-segment elevation ≥ 0.1 mV in ≥ 2 contiguous leads of any location, ST-segment elevation ≥ 0.1 mV in lead aVR, ST-segment depression ≥ 0.1 mV in leads V4-V6, negative T-waves in lead aVL, atrioventricular (AV) block of any grade, complete and incomplete right bundle branch block (C-RBBB, IC-RBBB), and complete left bundle branch block (C-LBBB).
Procedure
The percutaneous coronary interventions were performed according to current guidelines. The procedures including optional techniques such as the use of intra-aortic balloon pump, the use of glycoprotein IIb/IIIa inhibitors, and the type of stents used were left to the discretion of the operator. In 36 cases (85.7%) DES was used and in 6 cases (14.3%) BMS was used.
Statistical analyses
Given the relatively small sample size of the analyzed patient population (n = 42), we used descriptive statistics to compare ECG abnormalities in survivors with those in the non-survivors. To compare the ECG abnormalities in these subgroups we used Chi-Square Test and Fisher Exact Test.
Results
The baseline clinical characteristics are presented in Table 1 . The mean age of the total population (n = 42) was 70 years. Within this population 71.4% were men, 38.1% had a past medical history of myocardial infarction, and 21.4% had undergone a prior PCI. On admission to hospital the majority (57.1%) was on aspirin, roughly a third on clopidogrel, and 50% on beta-blockers. All included patients clinically presented with ACS and 60% of them presented with ST elevated myocardial infarction (STEMI). The mean creatine kinase for the total study population was 2174 U/l. The mean NT-proBNP Killip Class IV 0 0 0 Page -04 ISSN: 2332-3671 in the survivor subgroup was 2827 ng/l and in the non-survivor subgroup it was 4015 ng/l. 24 patients classified as Killip I and 18  patients classified as Killip II/III, no patients classified as Killip IV. On admission nine non-survivors presented with high Killip Class (II/III). The mean troponin level in the survivor subset was 5.8 µg/l, but 16 µg/l in the non-survivor subgroup.
The mortality in patients with acute interventions in symptomatic LAD stenosis was 23.8% (10 patients).
In all cases the treated left main culprit lesion was unprotected (by collateral coronary blood flow or functional bypass grafts). Specifically, not a single patient had a history of a preceding CABG procedure or angiographically proven relevant collateralization to the left anterior descending or circumflex arteries. Table 2 shows the characteristics of the left main culprit lesion, information about the stents used, the PCI final results, and hemodynamic data. In the total population and the subgroups of survivors and non-survivors, the majority had distal LM disease: 61.9%, 59.3%, and 60%, respectively. Four non-survivors (40%) had distal LM disease that was associated with significant proximal LAD and LCX lesions, whereas this could be demonstrated in only 15.6% of the survivors. The median stenosis severity of the left main coronary artery was 90% in the survivors and 93% in the non-survivor subgroup. The final results after left main PCI demonstrated excellent success rates on post intervention angiography. There was not a single patient with residual LM stenosis in the survivor subset. This was also true in 8 of the 10 patients who succumbed in hospital or during the follow-up period; the remaining two had a residual 80% LM stenosis. However, after PCI ≥ 70% residual ostial LAD stenosis could be demonstrated in 50% of the survivors and 60% of the non-survivors. Concerning residual ostial LCX stenosis, the percentages were 12.5% in the survivors and 40% in the non-survivors, respectively.
On hemodynamic assessment the survivor group had a seemingly higher mean left ventricular ejection fraction (50.9% versus 39.5%) as determined on left ventricular angiography. Figure 1 and Figure 2 present ECG patterns on admission. To compare the ECG patterns differences between subgroups we used the chi-square test and fisher exact test. A p value <0.05 was considered statistically significant. Given the small sample size there were no significant ECG patterns differences between survivors and non-survivors ( Table 3 ).
The most common ECG patterns were ST-segment elevation in aVR, ST-segment depression in V4-V6, AV block, and RBBB. In patients with distal left main stenosis the most common ECG pattern was ST-segment elevation in aVR (16 patients, 61.5%).
Significant ST-segment elevation in aVR, significant lead V4-V6 ST-segment depression, and AV block were most common in patients with distal LM stenosis combined with ostial LAD-and LCX-stenosis (7 patients, 63.6% of all patients with distal LM stenosis combined with ostial LAD-and LCX-stenosis). Using descriptive analysis there were higher proportions of ST-segment elevations in lead aVR and significant V4-V6 ST-segment depressions in the non-survivor subgroup: for both alterations 42% / 50% versus 33% / 37.3% in the survivor subset. First degree AV block was more prevalent in the survivor subgroup (30%) than in the non-survivor subgroup (20%). Two non-survivors (20%) with distal LM disease that was associated with significant proximal LAD and LCX lesions showed a first degree AV block combined with significant ST-segment depression in V4-V6.
Discussion
Although CABG has been considered the gold standard for unprotected left main cardiac disease revascularization, more recently PCI has emerged as a possible alternative mode of revascularization in carefully selected patients [5] . Several studies have suggested that coronary stenting is feasible for patients with ULMCA stenosis [7] . Moreover, the results of recent randomized control trials suggest that major clinical outcomes in selected patients with ULMCA disease are similar between CABG and PCI at the 1-to 2-year follow-up, but that repeat revascularization rates are higher after PCI than after CABG [8, 9] . However, randomized control trials with an extended followup of 5 years are required to provide definitive conclusions about the optimal treatment for ULMCA, but none have yet been conducted.
Some retrospective studies involving patients with ULMCA stenosis showed no significant differences in long-term all-cause and cardiac mortality between the CABG and DES groups [10, 11] . In our analysis the cumulative mortality rate from hospitalization to 6 months post discharge in patients with acute PCI in symptomatic LAD stenosis was 23.8% (10 patients). Compared to the surgical revascularization strategy the mortality rate in our analysis was higher [1] . A possible explanation for the higher mortality rate in our study could be attributed to the high proportion of patients presenting with STEMI (60%). Montalescot et al. showed a cumulative mortality rate of 14% from time of hospitalization to 6 months after discharge, which was lower than in our study [1] . The proportion of patients with ongoing STEMI in the aforementioned study was 35% compared to 60% in our study.
On hemodynamic assessment the non-survivor group seemingly had a lower mean left ventricular ejection fraction compared to the survivor group (39.5% versus 50.9%), as determined on left ventricular angiography, and a higher level of NT-proBNP (4015 ng/l versus 2827 ng/l) and troponin (16 µg/l versus 5.8 µg/l). The higher levels of NT-proBNP in the non-survivors correspond to the higher proportion of patients with high Killip class in this subgroup (90% versus 59% in the survivors' subgroup). The analysis of ECG patterns in patients with acute coronary syndrome due to unprotected left main coronary artery (ULMCA) disease is underrepresented in current trials. There are only some small observational studies that have analyzed the ECG patterns in patients with acute coronary syndrome with unprotected left main coronary artery disease [13] . A detailed ECG analysis in patients with STEMI / NSTEMI is very important in order to show-at an early stage of the diagnostic process-the possibility of an ULMCA problem. Knotts et al. showed that diffuse ST-segment depression combined with ST-segment elevation in aVR is not always caused by left main coronary artery disease [14] . In our analysis we observed high proportions of significant ST-segment elevation in aVR combined with significant V4-V6 ST-segment depression in patients with acute left main coronary artery disease.
Fiol et al. showed that ST elevations in patients with acute left main disease are similar to LAD occlusion. They also described in their series a complete RBBB combined with superoanterior hemiblock [15] . In this small analysis only 3 of 7 analyzed patients (43%) survived. We observed a higher rate of ST-elevation in aVR combined with ST-depression in V4-V6 in the non-survivor subgroup. Significant ST-segment elevation in aVR, significant STsegment depression in V4-V6, and AV block were most common in patients with distal LM stenosis combined with ostial LAD-and LCX-stenosis (7 patients, 63.6% of all patients with distal LM stenosis combined with ostial LAD-and LCX-stenosis). Four patients with such an ECG pattern were non-survivors.
In our study with a small sample size and limited cases there were no specific ECG patterns on admission that could have been indicative of an adverse outcome in ACS patients related to an unprotected left main culprit lesion.
The present analysis had several limitations. This study was not a prospective, randomized study, and the sample size was small. A larger dataset is needed to confirm the findings of our analysis.
